Abstract: Methods for long-distance time and frequency transfer over optical fibers have demonstrated excellent performances and are evolving rapidly. CLONETS is a European Union-funded coordination and support action intended to facilitate the vision of a sustainable, pan-European optical fiber network for precise time and frequency reference dissemination.
Introduction
As is well-known, long-distance time and frequency transfer methods based on optical fiber links have evolved rapidly in recent years, demonstrating excellent performance for frequency transfer and considerable promise for accurate time transfer [1] . Optical fiber links are attractive both for very high-performance applications such as optical clock comparisons, but also for many industrial and societal applications, as an alternative and complement to radio-and satellite-based methods. As time and frequency are the most precisely measurable physical quantities they play an important role in many areas of fundamental research, e.g. precision spectroscopy, radio astronomy and tests of Einstein's theory of relativity. With the continuing improvement of the performance of optical clocks new applications are emerging, such as the field of chronometric levelling, where the gravitational red-shift between distant optical clocks is used to determine geo-potential differences. Such high-performance applications rely on the availability of fiber links between dedicated sites. A number of such links have been developed and are operational in several countries in Europe. However, with some exceptions, they do not have a long-term operating framework and are not yet interconnected.
CLONETS project
CLONETS addresses this strategic aspect and aims to unite and extend these currently separated links to form a sustainable European time and frequency network. CLONETS has a large overlap with several projects of the European metrology research programs, as well as with the novel Optical Time and Frequency Network (OTFN) action of GÉANT. CLONETS started in January 2017 and now is well-advanced, having carried out a thorough review of the available approaches and technologies for time and frequency dissemination over fiber and their interaction with optical networking equipment, and studied the potential impact of such services both in research and wider societal applications. Currently a major focus of CLONETS is on identifying the technologies best adapted to creating the fiber-based time and frequency service delivery network in Europe, and defining the architecture, technology development roadmaps and strategic agenda needed for the implementation of this network. The work to date (December 2018) has led to a number of documents which are publicly available at the project web page [2]: 1.
High precision T&F needs of research infrastructures -provides a summary of current and future needs of Research Infrastructures whose needs cannot be easily satisfied by common current methods. Examples are VLBI stations, radioastronomy facilities, space missions, accelerator facilities, etc.
2.
Current and Emerging Commercial Optical Transport Standards -reviews current and emerging fiber communication technologies, in particular those deployed by NRENs, focusing on their capacity for the integration of T&F transfer.
3.
Best Practice Guide "Alien Wavelength Services" -describes experience gained by involved NRENs with the utilization of "Alien Wavelength" or "Dark Channel" methods for time and frequency transfer. It also summarizes constraints and considerations for deployment of such techniques in other networks.
4.
Optical Fiber T&F Techniques -provides a comprehensive overview of relevant T&F techniques, issues of optical signal fluctuation in fibers and methods for its compensation, techniques available for signal regeneration, etc. 5.
Preliminary list of TF service categories and needs survey questions -mainly provides a categorization of Time and Frequency (TF) services in terms of the types and the features of TF signals to be provided to the user; and a set of survey questions to help the consortium to recognize the TF user profile, evaluate the importance of TF dissemination for the user activity, give a quantitative description of the TF needs in terms of parameters such as accuracy, stability, traceability, resilience, accessibility, and redundancy, and provide an overview of the reference signals and network topology used to disseminate TF. 6.
Time and Frequency Training Blueprint -provides an outline of the topics which may be included in a comprehensive training course in time and frequency metrology and its applications, organized into logical blocks of subjects and into three levels of competency, from entry level to advanced. It includes a detailed coverage of the optical-fiber time and frequency transfer methods which are the subject of CLONETS.
At the conference, we will present further outcomes in the direction of technology roadmaps, proposed core TF network architecture and deployment strategies.
